The area activated by the clicks was first delimited. In a frontal section the region of the dipole field (Fig. 2) was usually between 1-6 mm lateral to the midline and between 1-8 mm below the surface area of the trapezoid body which in the cat is visible just caudal to the pons. A further landmark was the sixth nerve (stereotaxic coordinates P3-5, Ln-3) which seems to emerge from the brain-stem surface just superficial to the area of maximal activity. Next maps of the potential changes within this area were obtained. Usually the electrodes were inserted at an angle of 25-30~ from the vertical in a mediolateral direction. Then a frontal plane, say Pg, was chosen and the first electrode inserted at Lo. The following electrode paths started at L2, L3, L4. Frontal planes P4, P5, etc. were similarly mapped. Later the resulting maps were transferred to photographs of at the designated stereotaxic levels. The zero-isopotential line was determined with electrolytic iron deposits.
histologic sections and aligned with the nuclear structures according to information obtained from the Prussian blue spots. Maps were made from measurements of peak initial positive or negative amplitude along each track. This approach was used for the following reasons. Owing to the simplicity of the dominant waveform elucidation of the temporal development and spread of the response was not deemed of interest. The information being sought as the basis for guiding chronic implantation of electrodes was the spatial distribution of peak amplitudes, irrespective of small differences in peak latency due to conduction delays within the structures. An alternative approach would have been to map potential amplitudes at each of a set of instants after the click stimulus. If this time had been chosen so that, for example, in Fig. 3 it coincided with the peak negative amplitude at 4.6 mm, then along this particular electrode track the peak From the maps the potential distributions were such (Fig. 2) that the medial portion of the electrically active area from the surface to approximately 5 mm below was positive. At 5 mm the potential abruptly decreased to zero, provided the electrode traversed the zero isopotential along a path approximately normal to that isopotential.
Of course the turnover was more gradual and often irregular if the electrode path was along the periphery of the dipole field, or if the zero isopotential was traversed along a path closer to parallel than to normal. The negative region extended from 5 to 8 mm below the surface and more lateral. The iron deposits in the histologic sections place the zero-isopotential line for the ipsilateral click response on the lateral border of the medial segment. The mean duration of the first deflection was 7.6 rt 2.9 msec, whereas the peak latencies differed by less than I msec within any one track. So the distortion introduced by using peak amplitudes appeared less obscuring than the variability introduced by using amplitudes at successive instants.
Entering the brain stem from the ventral surface ( Fig. 3 ) a diphasic potential, initially positive followed by a low-amplitude negative deflection, was first recorded. The amplitude of the positive phase increased gradually as the electrode was advanced, reaching a maximum before the turnover point.
(The highest amplitude evoked was from 500 to 700 mv. However, while mapping, clicks of submaximal intensity were used.) From the maximum point the amplitude decreased rapidly to zero at the turnover point. Advancing the electrode still further, a diphasic potential, initially negative followed by a low-amplitude positive deflection, was recorded. The amplitude of the negative phase rose Contralateral clicks reversed the polarity of the dipole field (Fig. 4) . The iron deposits place the zero-isopotential line for the contralateral click response on the medial border of the medial segment. Along a single electrode track the potentials were similar to those from an ipsilateral click, except the polarities were reversed and the zero isopotential was traversed slightly before that from an ipsilateral click (Fig. 5) .
It is known that direct stimulation of neurons results in a negative area at the site of activation.
This implies that contralateral clicks activate the medial dendrites of the medial segment while producing a positive region in the nonactivated area lateral to this. Ipsilateral clicks seem to activate the area lateral to the cell bodies of the medial segment while producing a positive region medial to this, as one would expect from the anatomic connections of these cells.
DISCUSSION
The superior olivary complex is composed of five or six discrete nuclei, of which the S segment and the medial segment are the largest and most densely cellular on histologic section. One might expect to find distinct electrical responses from each of these nuclei, particularly the latter two. The results show that, for either ipsilateral or contralateral activation, there is only one major zero isopotential in the complex. This implies that either the S segment does not generate an evoked potential in response to clicks, or the response does not take the form of a dipole field of potential. If the open field is also a standing or nonmoving field, it has three important characteristics:
I) The two regions of the opposite polarity are separated by a zero-isopotential line which corresponds to the site of membrane current reversal.
2 that of the surrounding source. The fields of potential established by the source and the sink can be treated as if they were produced by two separate constellations of charge. The total charge in each of the two parts must be equal but opposite to that in the other. If the center of the source coincides with the center of the sink, then a true closed field results in which: I) there may be no zero isopotential, or if it exists, it usually does not coincide with the site of membrane current reversal; 2) there is no field detectable outside the anatomical extent of the generating cells; 3) there is a predominance of that potential which is established by the enclosed sink. The potentials in Fig. 6B were calculated to demonstrate that a current sink and source can exist even though only a negative potential is recorded. The volumes in which the current sink and source are distributed are assumed to be finite homogeneous spherical shells for which equations have been derived to calculate their potentials (9). Let a = radius on the outside, b = radius on the inside of the shell, r = the distance from the center to the point where the potential is calculated, and s = the charge per unit volume.
For the shell of the source (Fig. 6A) These values give the source volume 26 times the volume of the sink. In different regions of space the potential Y is represented by different analytic functions (9) : for the region r < b V = 2m(a2 -b2); for the region b < r < a V = 4m[ (a2/2) -(b3/3r) -(t-2/6) ; for the region r > a V = 4Am[(a3 -b3)/r]. The potentials due to both source and sink were calculated for I 4 different values of r and plotted. The algebraic sum of the two graphs, which is actually recorded with the electrode, is also plotted (Fig. 6B) . For distances r > 3 the magnitude of the sink and source potential are equal and therefore add up to zero. Throughout the S segment of the superior olive only a negative potential was recorded. Furthermore, the greater magnitude of the negative potential of the dipole field (Fig. 2) indicates that to the dipole potential of the medial segment a negative potential of different origin (from the S segment) is added. These facts suggest that the S segment might generate a closed field as just described. The initially activated elements of the S segment, its dendrites and the part of the cell body which receives synaptic endings, are not neatly concentrated in the center. Its initially nonactivated elements, the axons and the part of the cell body with no synapses, do not form a clear-cut shell around the central sink, as is the case in the mathematical model. At best the model might be rough approximation.
However, both curvatures of the S provide a central concentration of dendrites (I o) which on activation can produce a central current sink. Surrounding this central region is a concentration of cell bodies whose axons leave the nucleus in a peripheral direction.
Since, during dendritic activation, the part of the soma giving rise to the axon, and the proximal part of the axon act as current sources, the central sink must be surrounded by a source. The peripheral dendritic layer (see introduction) may also tend to generate a sink and thus partly mask the source. The negative region of the dipole field from the medial segment, which can spread in the brain volume, is superimposed on the potential of the S segment. These considerations imply that the negativity recorded in the S segment during
